The precipitin reaction has been used to locate serum proteins separated by thin-layer gel filtration on Sephadex G-200, thereby greatly increasing the sensitivity of the method. A pattern of lines reminiscent of immunoelectrophoresis is produced, but the proteins are separated in order of their molecular size and not in accordance with their electrical charge.
The introduction in 1961 (see Flodin, 1962) of Sephadex G-200, the most porous of the cross-linked dextran gels, was immediately followed by its application to the analysis of serum proteins: filtration of serum through a column of the gel was found to separate the serum proteins into three groups in accordance with their molecular volumes. The first group comprises the macroglobulins and lipoproteins, the second mainly yG (7Sy) globulin and the third mainly albumin (Flodin and Killander, 1962) .
In 1962 Determann introduced a thin-layer method of gel filtration analogous to thin-layer chromatography, which has been used by Johansson and Rymo (1964) , Andrews (1964) , and Morris (1964) for the analysis of serum proteins. An extension of this technique is now described, in which the separated proteins are detected by precipitation with antisera instead of by direct staining. It has resulted in an improvement in sensitivity comparable to that of immunoelectrophoresis over simple zone electrophoresis. Instead of two or three spots corresponding to the groups of proteins separated by the original column technique a whole range of individual proteins can be detected separated in order of their molecular volumes. Unlike the technique described by Carnegie and Pacheco (1964) it does not require transfer of the separated proteins into agar.
TECHNIQUE
The initial gel filtration stage is based on the technique of Johansson and Rymo (1964) . PREPARATION Glass plates, 20 x 10 cm., are carefully cleaned by soaking in concentrated sodium carbonate solution followed by thorough washing in water as recommended by Determann.
A CAMAG applicator is used to spread a 0-5 mm. layer of gel on the plates. The sides of the plate are wiped free of gel.
GEL FILTRATION The apparatus is illustrated in Figure 1 Fig. 3 is made in the gel by placing it over a line diagram of the troughs and sucking them out with a Pasteur pipette attached to a suction pump, after arranging the stained albumin spots midway between the troughs and 2 cm. from one end. The pipette is steadied against a ruler held over the gel on supports placed on each side of the plate. The inner troughs cut parallel with the buffer flow are for the antisera: the outer rectangular trough, which is left empty and is cut 2 cm. from the outer antiserum troughs, was found to be essential for even diffusion of the antisera: even a narrow bridge of gel left inadvertently across this trough is enough to cause serious artefacts. Appropriate antisera, bought, or raised locally as described elsewhere (Grant, 1964a) , are then added to the central troughs using a 0-1 ml. micro-pipette with a curved tip such as the E-mil autoset. While emptying into the trough, the pipette is steadied and moved along against a ruler held over the plate as described above. It will be found that the serum is at once taken up by the gel, so it is advisable to use antiserum stained with bromophenol blue to confirm that it has been taken up evenly, on each side and throughout the length of the trough. The plate is then placed in a damp box at room temperature for 24 hours to allow the precipitin lines to develop.
STAINING THE PRECIPITIN LINES By removing the soluble proteins, drying the gel containing the lines of precipitated protein and staining it, the pattern of precipitin lines formed in the soft and easily damaged thin layer of gel may be converted to a durable and permanent stained preparation as follows:-
The delicate layer of gel is first covered by a moistened cellulose acetate strip. In order to damp it evenly the strip is floated on a bath of water, then immersed for a minute, removed and blotted quickly. One end is placed on one end of the gel and then, to avoid trapping any bubbles of air, it is lowered very carefully and evenly over the whole pattern of lines. Two damped rectangles of 3MM Whatman filter paper are then placed gently in succession onto the strip of cellulose acetate, and the whole is left in a moist box for a half to one hour. The filter papers but not the cellulose acetate are then removed, replaced by two further pieces of moist filter paper and the preparation left in the air until, viewed from below, all the blue dye can be seen to have been removed from the gel and cellulose acetate. If necessary, the filter papers are again renewed.
The filter papers are then removed, taking care not to disturb the cellulose acetate, and the plate is dried in an oven at 60°C. for a half to one hour.
One of the protein stains used for immunoelectrophoretic techniques (see Grant, 1964a) (Swahn, 1953) . The plate is placed in the dye upside down supported by match sticks for an hour. After differentiation in 50% alcohol it is redried in the oven at 60°C. for half an hour. It may be counterstained with azocarmine. OTHER TECHNIQUES Details are described elsewhere: for analyses on columns of Sephadex G-200 see Grant (1964b) ; for immunoelectrophoretic analyses see Grant (1964a) . For simple thin-layer gel filtration see Johansson and Rymo (1964) ; in this technique the proteins after separation are taken up into a strip of filter paper and stained therein.
RESULTS
The pattern of precipitin lines obtained on analysis of normal serum is shown diagrammatically in Fig. 2 , where it is compared with the results obtained by the original staining technique. Examples of actual analyses of normal and pathological sera are shown in Figure 3 . Specific antisera were used to identify the lines, as illustrated in Figure 4 . As expected, precipitates were found to be formed by all those proteins known to be present in greatest concentration in serum. The following may be distinguished, listed in order of increasing mobility and therefore also in order of increasing molecular size: Fig. 5 are shown the results of some preliminary experiments in which normal serum was analysed on a column of standard grade Sephadex G-200; the fractions from the centres of each peak were reconcentrated and analysed further by immunoelectrophoresis. It will be seen that separation of some proteins is incomplete; in the case of albumin, which can be seen even in the macroglobulin fraction, this could be partly due to polymerization. In the light of these results the degree of separation obtained by the thin-layer technique is unexpectedly good, and it is not at all surprising that an albumin 'tail' can be seen extending so far forwards. Analyses of highly viscous solutions, such as concentrated sera, are unsatisfactory by the thin-layer technique just as on the column.
The requirements for good separation are:-1 That diffusion of the protein solute molecules between the solvent outside and inside the gel particles should reach equilibrium at a given point in the thin layer, before being swept on to the next. This means first that the rate of solvent flow should be adjusted to be as slow as is possible without allowing too much diffusion at right angles to the direction of buffer flow. Fortunately, when locating a protein by the precipitin reaction such sideways diffusion is not so damaging as with simple staining. Secondly, the gel particles used should be very small so that the large surface area allows equilibrium within and without them to be rapidly attained. The new 'superfine' grade of with particles between 40 ,u and 10 yt in diameter has been designed to do this.
2 That interaction between proteins be prevented; it may be minimized by using a buffer solution of high ionic strength.
3 That conditions during analyses be standardized; consequently a freshly spread plate is used, and to prevent buffer tracking sideways, the plate is supported from below, so that nothing touches its edges, and these are wiped free of extraneous gel. Evaporation is prevented by enclosure in an air-tight box: buffer solution is allowed to flow overnight so that equilibrium is reached before applying the protein solution, and the buffer compartments are large enough for their fluid levels not to change appreciably during a run.
In order to select the correct rate of flow a coloured marker protein is required, and a method of varying the rate. Johansson and Rymo (1964) The technique may well be useful in the investigation of tubular proteinura and massive proteinuria, where the sizes of the protein molecules excreted are of diagnostic importance. Other applications are likely to arise when studying proteins of similar electrophoretic mobility but different molecular size. The most obvious example is the separation of y-macroglobulin from yG or 7Sy-globulin in the investigation of antibodies and in the differential diagnosis of macroglobulinaemia from myelomatosis (see Grant, 1964b) .
As pointed out by Andrews (1964) , although mobility on gel filtration depends primarily on molecular size, the technique may be used to estimate the molecular weight of an unknown protein; there is an approximately linear relation between the rate of migration and the logarithm of the molecular weight.
Another possible application is the study of the polymeric forms of enzymes and other proteins.
The use of thin layers of superfine Sephadex G-75 and G-100 as well as G-200 to analyse urine proteins is being investigated.
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